An inter laboratory study was conducted to evaluate an application of the AOAC Official Method of Analysis for the determination of ochratoxin A (OTA) in barley to brown rice as a new matrix. Four artificially OTA contaminated brown rice test samples (blind duplicates at two levels), six OTA spiked brown rice test samples (blind duplicates at three levels) and two blank brown rice (blind duplicates) were sent to 12 collaborators. These samples were analyzed by a designated method. From the results, the RSDr values ranged from 3.4 to 8.9 % at the OTA concentrations of 0.5 to 40 µg/kg and the RSDR values ranged from 9.6 to 21.3 % at the same OTA concentrations, respectively. The HorRat ranged from 0.4 to 1. These results allowed us to conclude that the AOAC Official Method of Analysis for OTA in barley (49.6.04) showed acceptable for brown rice at the OTA levels ranging of 0.5 to 40 µg/kg.
Introduction
Ochratoxin A (OTA) is one of the toxic secondary metabolites produced by some of food-borne fungi, such as Aspergillus ochraceus, A. carbonarius and Penicillium verrucosum. It is known to have toxic effects on human and animals, especially to kidney [1] [2] [3] .
For report to JECFA, the Ministry of Agriculture, Forestry and Fisheries of Japan planned to make a surveillance on the natural occurrence of OTA in domestic brown rice. In this project, a reliable analytical method for the determination of OTA in brown rice was highly required with an international evaluation. As the determination of OTA in barley was already described as AOAC Official Method of Analysis 2000.3 4) , an application of this procedure would be introduced.
The method applicable to brown rice as a new matrix was recently developed in our laboratory, the Japan Food Research Laboratories. The purpose of this inter laboratory study 5) was to evaluate the accuracy, repeatability, and reproducibility parameter of the method by analysis of spiked and artificially contaminated materials.
This paper is the first report on the collaborative study of a method for the determination of OTA in brown rice.
Materials and methods

Preparation of test materials
Artificially contaminated brown rice samples (AC samples)
were prepared as follows.
The high contaminated brown rice, which was inoculated with an isolate of OTA producing
Aspergillus ochraceus and cultured for a period to produce OTA, was supplied from the National Food
Research Institute, the National Agriculture and Food Research Organization, Tsukuba, Japan. By analysis in triplicate, the concentration of OTA in this sample was determined to be 2.2 mg/kg.
A brown rice used as blank was obtained from a grocery store in Hachioji, Japan. This brown rice sample was milled with Ultra Centrifugal Mill ZM 200 (RETSCH GmbH, Hann, Germany) to the mesh size of less than 1 mm. This ground sample was confirmed by the analysis that OTA was not contained (less than 0.2 µg/kg) and was applied as "blank" to be used as control materials in this study.
Noncontaminated brown rice was added to the sample containing 2.2 mg/kg of OTA for producing a material with about one-tenth concentration of OTA. This subsample was determined to be the contamination of 270 µg/kg OTA by analysis in triplicate. Finally AC samples used in the inter laboratory study were prepared by further blending to produce two kinds of materials containing each 10 or 2 µg/kg OTA concentration.
About 27 g of AC sample containing 10 or 2 µg/kg of OTA was packed into plastic bottle.
Consequently, a total of 90 bottles of AC samples were prepared for distribution. To examine the quality of AC samples, homogeneity and stability test were carried out. For the homogeneity test, 9
bottles (10 % of prepared samples) randomly selected from each batch of packaged material were picked up and the OTA concentration of each bottles was determined. For the stability test, AC samples were kept at about 5 ºC for 80 days, then the OTA concentrations were measured to compare with the primary one.
In addition to AC samples, spiked brown rice samples were prepared just before starting procedure for the inter laboratory study.
Analytical methods
All standard or grade of apparatus and regents used in this inter laboratory study were specified in the protocol referred to the AOAC Official Method of Analysis. However, the extraction of OTA by using of homogenizer was allowed instead of blender. Extraction and clean up procedure used in this inter laboratory study were corresponded to the AOAC Official Method 2000.03. A 25 g test portion of the brown rice sample was weighed into a blender jar or flask and 100 mL of extraction solvent (acetonitrile-water, 6:4, v/v) was added. The mixture was blended or homogenized for 3 min and the extract was filtered through filter paper. A 4 mL portion of the filtrate was pipeted into a 100 mL glass beaker (or similar vessel) and mixed with 44 mL phosphate buffer saline (PBS). The IAC was connected to a vacuum manifold and attached a reservoir. The extract diluted with PBS was passed through the IAC at a flow rate less than 5 mL/min. The IAC was washed with 10 mL of water and OTA was eluted with 4 mL portions of methanol. The eluate was evaporated to dryness and the dry residue was dissolved in 1 mL of injection solvent (methanol-water-acetic acid, 30:70:1, v/v/v) . This solution was filtered through 0.2 µm membrane filter.
A typical measurement of OTA 6) in inter laboratory study was used by LC with fluorescence detector and equipped with ODS column. The mobile phase was composed of water-acetonitrile-acetic acid (51:48:1, v/v/v) and flow rate was 1.0 mL/min. The column oven temperature was 40 ºC and injection volume was 20 µL. The wavelength of fluorescence detector was set at excitation wavelength 333 nm and emission wavelength 460 nm. However, when the retention time of OTA was within a range of 7 to 12 min, the change of the ratio of mobile phase (water-acetonitrile) was permitted.
Similarly, when signal/noise ratio at the peak of 0.0125 µg/mL OTA solution was more than 10, injection volume was permitted between 10 and 100 µL. when the retention time of OTA was within a range of 8 to 15 min, the change of the gradient condition was permitted. Similarly, when signal/noise ratio at the peak of 0.0125 µg/mL OTA solution was more than 10, injection volume was permitted between 5 and 50 µL.
The concentration of OTA in brown rice sample was determined according to the following equation:
Concentration of OTA in brown rice (in µg/kg) = Concentration of OTA in test solution (µg/mL)* 25 1 sample weight(g) 1000
* The concentration was determined from the calibration curve prepared by the concentrations and the abundance of standard peak.
Single laboratory validation
Before the inter laboratory study, a comparison of extraction methods, a choice of IAC on sale, a recovery test and a calculation of limit of detection (LOD) and quantification (LOQ) were proceeded in our laboratory.
In the AOAC Official Methods of Analysis, blender is only used for extraction of OTA, although in mycotoxin analysis, three extraction methods are generally used, viz. using blender, homogenizer and shaker. These three methods were compared by measurement of OTA (in triplicate) in AC samples so that each participant could use either extraction method in this study.
The IAC should contain antibodies raised against OTA 8)
. Therefore, the selection of IAC is important because the column has not been often shown a satisfactory reappearance in the recovery of target substance. In Japan, there are three kinds of immunoaffinity columns for OTA analysis such as the OchraTest TM WB, the OchraStar TM Fit (Romer Labs Diagnostic GmbH, Herzogenburg, Austria) and the OCHRAPREP R (R-Biopharm Rhone Ltd, Glasgow, UK) in distribution. Thus the efficiency of the columns based on a recovery trial with elution from each column spiked 10 ng of OTA into the extraction of blank brown rice were compared.
The recovery test of the method (using blender and Ochra Test TM WB) was carried out at four concentration levels (40, 2.0, 0.5, 0.2 µg/kg) in triplicate at each level. The average and the relative standard deviation were calculated.
In addition, the recovery tests at 0.2 µg/kg were carried out 7 times to estimate LOD and LOQ.
Collaborative study
Each participant in the 12 laboratories was supplied with the following materials: four AC samples (two OTA concentration levels, blind duplicate); eight blank samples; eight vials containing OTA standard solution (0, 0.0125, 0.5, 1.00 µg/mL) for spiking. All vials were not shown the OTA concentration and attached with the random numbers. In addition, standard solutions of OTA (0.2, 0.5, 1, 5, 10 and 50 ng/mL) for calibration curves, 14 immunoaffinity columns, 14 filter papers, 14 membrane filters, silanol-treated glass vials for using LC and LC-MS analysis, a copy of the analytical method instructions and report form for analytical data were enclosed with the samples. In the instructions, it was specially noted that the analysis was started after 1 mL of OTA solution was added into each blank sample attached the same number. Participants were requested that the OTA contents of the test samples should be measured by LC method and, if possible, LC-MS method as proposed for the inter laboratory study. Furthermore, these analysis were required to complete within one month.
Results
Materials
The homogeneity of the packaged AC samples was examined on 9 test materials (90 bottles in total). The contents of each bottle were analyzed by the method described in material and methods section. As a results, the average values and relative standard deviations (RSD) of OTA concentration at 2 and 10 µg/kg in the test materials (n=9 for each level) were 1.69, 7.92 µg/kg and 5.3 %, 3.7 %, respectively. It was concluded that the 9 analyzed test materials could be considered homogenous and the quality of AC sample was to be sufficient for the inter laboratory test.
The stability of OTA in AC samples (in 2 and 10 µg/kg of OTA) were checked. The stability was
shown by a ratio of the OTA concentrations analyzed after 80 days storage against the concentrations which were analyzed immediately after their preparations. The AC samples containing 2 µg/kg and 10 µg/kg of OTA showed that the ratio were 1.04 and 0.95, respectively. Based on this result, it was considered that the OTA in the brown rice samples was stable during the storage.
The stability of the OTA standard solutions in methanol (0.0125 and 10 µg/mL) for spiking to blank and in injection solvent (2 and 10 ng/mL in methanol-water-acetic acid, 30:70:1, v/v/v) for calibration curve was checked. The stability was shown by a ratio of the OTA concentrations against the standard solution which was prepared at measurement. OTA concentration of 0.0125 and 10 µg/mL OTA standard solutions after 50 days storage showed that both ratio were 1.00 and both the ratio of 2 and 10 ng/mL OTA standard solutions showed 1.00, too. OTA solution was proved to be stable extremely. From the stability test, it was concluded that all sample materials were warranted during the long storage and could be packaged.
Single laboratory validation
The three extraction methods, viz. using blender, homogenizer and shaker, were compared with measurements of OTA in tripricate in AC samples. The average values (N=3) of OTA concentration were almost the same (15.3, 14.5 and 15.7 µg/kg, respectively)
and RSD values were less than 5 % (1.6, 3.2 and 0.7 %, respectively) in each method. The principal extraction method in this inter laboratory study was using blender as conformed the AOAC Official
Method of Analysis, but in conclusion, either of the other extraction methods was also permissive for choice by the participant who had not the blender in this study.
The OTA recovery tests using the three markers of immunoaffinity columns available in Japan, viz. the OchraTest TM WB, the OchraStar TM Fit, the OCHRAPREP R , were compared each other. The average recoveries (N=6 for the OchraTest WB TM and N=3 each for the others) were 88, 84 and 94 %, respectively, and the CV value was less than 3 % in each column. The recovery rate of the OchraPrep was few higher than the others, but it seemed that there were no significant differences in their efficiency among these columns. Ultimately, by reason that the OchraTest TM WB could be proved the same product lot in Japan immediately, the OchraTest TM WB should be adopted for this inter laboratory study and was supplied the same lot to each participant.
The limit of detection (LOD) and the limit of quantification (LOQ) of the method were estimated by standard deviation( ) from the recovery test at OTA level 0.2 µg/kg in 7 times. As the result of calculation, LOD (3.3 /slope) was 0.07 µg/kg and LOQ (10 /slope) was 0.2 µg/kg.
9)
The results of recovery test were shown in 
Results of inter laboratory study (LC)
The RSDr 
Conclusions
Considering that these results (recovery rate 82.6 88.0 %, RSDr 3.4 8.9 %, RSDR 9.6~21.3 %, HorRat<1.5 at the OTA concentrations of 0.5 to 40 µg/kg) indicate acceptable percision, the AOAC Official Method of Analysis for barley is sufficiently applicable for determination of OTA in brown rice by the LC system at the range of 0.5 to 40 µg/kg. In addition, based on RSDR and HorRat in this inter laboratory study, the LC-MS analysis is also possible to apply at the OTA concentrations ranged from 10 to 40 µg/kg.
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